I. INTRODUCTION
The Ag-sheathed Bi2Sr2CaCu208 (Bi2212) tape has its advantage over (Bi,Pi) ,Sr2CaCu20g (Bi2223) tape in processing, i.e. a partial melting process can be applied. Also, the critical current density of both conductors is very similar at 4.2 K. Those facts make us to choose Bi2212 as conductor to fabricate HTC insert coils for high field application at low temperature, such as a HTSC insert coil for a 25 T NMR. The partial melting process increases the mass density of the core, improve the connectivity and the alignment of the Bi2212 grains. However, for large size coils, the melting processing is very difficult to apply, because their thermal mass makes controlling the melting time difficult. The fabrication of Ag-sheathed Bi2212 coil using a react-windsinter technique (R-W-S) is advantageous over the wind-andreact or react-and-wind techniques in terms of reducing handling damages and achieving high critical current density over a long length. In this technique, long lengths of the Ag-sheathed Bi2212 tape are reacted uniformly by pulling the tape continuously through a precisely defined temperature profile. Our previous work [l] has investigated the feasibility of the R-W-S process to the Ag-sheathed Bi2212 tapes, mainly on monofilamentary tapes. In this paper, we present our new results of the application of R-W-S process to the high alloy AgMg-sheathed Bi2212 multifilamentary tape. Since we do not consider the winding process in the paper, the process is also called continuous processing (CP).
EXPERIMENTAL
The multifilamentary Bi2212 tape was fabricated by the wellestablished powder in tube technique (PIT). The commercial powder of nominal stoichiometric composition of Bi2.1Sr,.,Ca,.2Cuz.00, was used as the precursor. The sheathed material is pure Ag for the inner tube and Ag alloy for the outer tube containing 1.2 at% Mg. After drawing and rolling process, the final tape dimensions are 3 mm in width and 0.22 mm in thickness.
The continuous processing was carried out in a quartz furnace whose three hot zones could be controlled separately, which is the same furnace as used in [l] , but the temperature profile was changed (Fig. 1 ). The figure shows that the furnace consists of three hot zones: (1) a homogeneous zone as long as 263 mm Manuscript received September 14, 1998 This work was supported by the National Science Foundation under grant NO. DMR-9527035 located roughly in the middle of the furnace with a temperature variation of <+1 "C, (2) a homogeneous zone as long as 585 mm located in the middle of the furnace with a temperature variation of <&3 "C and (3) two zones with a gradient of about 3 "C/cm. From those configurations, the peak temperature is 866+3 "C:. The tapes were pulled through the furnace by using a 20 V DC motor, which provided with very precise liner speed. The melting temperature used for the CP was optimized in a small hrnace with a uniform hot zone of longer than 10 cm using traditional processing (TP, Fig. 2 ). The I, of the samples was determined using the four-probe DC technique at 4.2 K using a 1 pV/cm criterion. The distance between the two voltage taps is about 2.5 cm. The phase composition of the samples was determined by X-ray diffraction (XRD). The microstructure characterization was carried out 
RESULTS
When a sample was pulled through the furnace with a constant speed, its temperature was a function of position, like the profile in Fig. 1 . At the same time, since the position of a moving sample is a function of time, the temperature of the sample is also a function of time. Therefore, the temperature of the sample during CP could be drawn against time, such as profile "a" in Fig. 3 . Fig. 4 demonstrates the results of I, of the samples with different pulling speeds. The figure shows that the I, increases with increasing pulling speed, but after reaching 16.6 mm/min, it drops. 
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A . samples with additional post-annealing. It is seen that for the asCPed samples, the intensity of (006)220, peak is higher for higher pulling speed samples but, after annealing, the peak disappears more completely in higher pulling speed samples. The I, of as-CPed samples is also plotted against pulling speed (Fig. 6 ). The figure demonstrates that the critical current drops monotonously. This is in agreement with Fig. 5 , where high pulling speed samples contain larger amount of Bi2201 phase, which degrades I,. Fig.7 is the ESEM micrographs of the samples of CP and traditional processing (TP). As is seen in the figure, the sample processed by CP has a better grain alignment than the samples of the traditional process.
IV. DISCUSSION
From Fig. 4 , it is seen that, with increasing the pulling speed, the I, of the CPed samples increases and drops only after reaching 16.6 mm/min, or 1 m/h. This result is encouraging from the point view of reducing processing time. Also, as will be discussed later, the production could be increased without limitation by forcing conductor moving in a zigzag route in the furnace. Furthermore, with the same melting temperature, the I, of the CPed sample is almost two times of that of the TPed sample (Fig. 3, curve "c") . This is different from our previous results of the monofilamentary tape [l] , where the I, of CPed tape is lower than that of TPed one.
The fact that the CPed sample is about two times of that of the TPed sample does not imply that the processing parameters for TP were not properly selected. This is because of the following reasons. First, TP consists of a much longer pre-annealing process, which suppressed bubbling effectively. Whereas for CP, the pre-annealing time was not long enough therefore bubbles always appeared. Secondly, the highest I, is only 94 A obtained in a short furnace, whose temperature and atmosphere could be controlled more precisely than the one used for CP. Thirdly, a sample was TPed using exactly the same temperature-time profile as CP did (curve "b" in Fig. 3 ). The results showed that such a sample had even lower I, value. This led us to find the real reason of the I, enhancement.
For time. from
Speed [mm/min] Fig. 6 . I, of as-continuous processed samples vs. pulling speed TP, the temperature along the tape length is identical at all However, for CP, the temperature of a. tape is different point to point when it is in the gradient zones. It is well known that the solidification under a uniform gradient temperature condition is the feature of directional solidification. Directional solidification is a method to prepare materials of a preferred grain orientation parallel to the sample axis, along which the temperature gradient applies. The mechanism of grain alignment in Bi2212 tape by TP is still not fully understood. Hellstrom [2] proposed a constrainedvolume model, which gives a reasonable phenomenological explanation of the texture formation. In this model, the Bi2212 grains that initially nucleate and grow with their basal planes nearly parallel to the tape plane can grow to large size, whereas grains aligned at other orientations cannot grow large but be expend for growing other grains. His model is based on the fact that the growing speed of Bi2212 phase along ab-plane is much faster than that of c-direction. According to this model, in CP, for those Bi2212 grains whose basal planes are parallel to the temperature gradient direction, their ab-planes would grow even faster than in TP, therefore the misalignment grains can be further eliminated or the grain alignment can be enhanced.
Bi2212 phase forms inperitectic reaction
According to our DTA data, the recrystallization temperature of Bi2212 phase is around 860 "C. From the melting temperature down to 860 C, as the temperature decreases, the content of the Bi2201 phase in the liquid increases. We propose that in the by directional solidification, instead of forming more grains. In the subsequent cooling process around 860 OC, the large Bi2201 grains are beneficial to the formation of aligned Bi2212 grains epitaxially. Also, around 860 oc, the Bi2212 can directly nucleate from the liquid [2] and, with the help of the directional solidification, grow to large aligned grains.
is higher and the processing time is shorter than those of TP. However, we did not mention the bubbling problem. Our results cooling zone, a small number of Bi2201 can grow to large size (b) Fig.7 . ESEM micrographs of the samples of TP (a) and TP (b)
since they can Serve as matrixes for Bi2212 grains to grow on tape (I4% on an average) which was caused by bubbling. The problem existed because our pre-annealing time was not long enough. It has been confirmed that with a low9 time preannealing, the bubbling in CP disappears.
t,, respectively, with the tape going through the hrnace in a constant speed we have:
L$L, = t,V/t,V = ta/t,.
So far, it has been discussed that with Cp the I, level ofthe tape
If the designed pre-annealing time and are ta showed that there was I, fluctuation along the length in CPed L, and L, are the length of annealing zone and melting zone, respectively. Typically, the melting time is around 0.6 h, and pre-annealing time 10 h, then 1811 the texture and therefore enhancing I,. This is due to a directional solidification involved in it.
